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charide foams and foams produced by the method^The 
polysaccharide foams are formed from a wet condition 
and are convection dried with a flow of warm or hot air 
Such foams exhibit improvements over foams dried 
under ambient conditions. The present invention also 
discloses the formation of multi-ply foam layers. At least 
two sheets of foam layers are layered together and lam- 
inated either mechanically or chemically to produce a 
composite structure. 
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Description 



Bntah Patent Specification No. 1394742 relates to a u 
adhered to a layer of fibrous backing material Iht L 9 ' Ca ' dr6SSin9 material comprising a layer of knitt^ 

British Patent Specification No. 1570485 relatP* to a « q k ^ 

. : ~--^=^==.-=r = .- 

unnea states Patent Specification No 4 7Q3 . 

^ 65 Patenf Specification No. 4.948 575 disclose a h P ° Wder by ^ of absorbent material 

eaSceot ^ W0Und without ^ZS^iSS^ST' ""f Hydro* foam wound 

under No Z£X ° made 10 ™*°<* handily tor ™ ^, Zl^T^ are difficult to 
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n. ma « he produced by beating or otherwise mechanically agitating the material to cause the polysaccha- 

tially spherical m shape. As the total | ,3™ the solution distributed in thm membranes 

transition from the sphaneal shape to ^ ^a Wo very close proximity to each 

other; the ,-esult a > ™ ,4° in some embodimants of the present Mention, the ntaUva violence 
fn^rtdVag^o^^ 

T! tiSS^^-^^-^ — in some er— ts, sa* sotu»e polysa. 
Sad ^* "^S^SrSLS. salt such, for example, as an alginate or hyaluronate; typically. sod,um alg,- 
charge may be J^' P 0 *^™,™, A. ...^j,., ^ soluble polysaccharide may be oarrageenans. chitosan. 
. nate or sodium hyaluronate may be ^^ l "^™ > ' ™ ,he art will appreciate that chitosan is soluble In acid, 
starch, or : on^htS SarS is solSe in basic solutton, Thus, where cH- 

EI Isl^tn a^I^wStr^t 'M. the mechanfcal teaming step should be conducted ,n an aod,c 
aoueous so,*n where ^~££%^^Z£Z££^ to asSs, in foan*g »e 

ZZSE^SZSSSm*.. — ^- compounds, dicarbo^l coco .m^Cne 

SBSy^ 

^'^nT^larTsoect of the invention the foam modifier may be polyethylene glycol functionalized with vinyl groups 
J ferTxamofe as SyYa es Tfter foaming, the functionalized glycol may be polymerized by irradiation (e g. u.v. or 
SL n ^ 

eieOTon,ioio w tj the aqueous solution of polysacchar.de may .nclude a foam stabilizer Said 

fJ^^S^^^ karate, dodecyl alcohol, tetradecanol. hexadecano.. tridecyloxypolyethano. 

^ polysaccharide foam, including foam stabilize, may be air dried after forma- 

tion On dTyin^ Tthe foam material in an interior region of the foam may "collapse" giving the appearance of crushed 
Sim th ^ c^ls'consSuSng the foam may distort such that in one dimension, each cell may become smaller than .n 
S e ^iS^SSlWIy norma, fo the one dimension; this change in shape can b ^^' b ^4 o \ a m ^ fo f m 
torfina n a^ elliDSoid When the cells distort in this way. the foam is referred to here.n as a "collapsed foam. The bam 
^^S^^tv^f^ of the foam may maintain H. integrity preserving its mean pore s,ze and pore s.ze d,s- 

45 ^^Wh^re the polysaccharide is chitosan which is foamed in an acidic aqueous solution it may be ■ desirablejn some 
embXents to remove the acid after foaming while the foam is still wet since, on drying, any acid present may have 
an J effl J^the chitosan foam. Said acW may be removed after foaming by volati.izat.on or neutral.zat.on. Typ- 
icallv the acid mav be aqueous acetic acid which may be removed by volatilization. 

so in another asoS She invention, the foam may be stabilized by cross-linking or coagulation thereby to provide a 

50 dJ^^^Sc-ly.-th.*-m may be cross-linked or coagulated whi.e wet. when* afoam stabler ,s 
used the foam may be cross-linked or coagulated after initial drying, the foam may then be re-dned. 

Whl^ is selected from alginic acid, alginate, hyaluronic acid, hyaluronate. and othe ^soluble 

^^JS^soo^n g exchangeab.e counter-canons, the cross-linking ^^-g^ £ 

55 foamed polysaccharide with di- or tri-valent cations. Said polysacchar.de foam may, in some embod'ments be 
immereeSiror sprayed with a solution of the di- or tri-valent cations. Typically, the cations may be selected from 

Ca2 tS^^^r^s. an inso.uble carbonate or *d rogen carbona* j"^™^ 
^lent cations may be homogeneously dispersed in the foamed polysaccharide, and the foam may be subsequently 
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- 0.2N. Typically, calcium carbonate may be us<S as an S 1^ ♦ * f concentration °< "P to 1 N. typically 0 .1 
the advantage that a relatively thick^m may^e ^K^SST*' T ™ S latter method of crossing has 
of up to about 5 mm may be homogeneous" "sta^ «ts Sickness; typically a foam thickness 

In a different aspect of the invention the cross- inRe^ Z^ZT? P ° * ***** foam StruCture - 
-with an aqueous solution of a reagent having ZSSS, IS^S^ST *T ^ * by treatment 

di- or tri-valent cations in the foam may be replaci by Se mono Z ^ 3 pro P ortion of the cross-linking 
in the foam; when contacted with water, the SerteS foam Z fo ™ a ^°? S ' impartin9 a de 9 ree of so, ^ility 

version may be controlled; typically a small proportion SOme embodimente ' the degree of con* 

gelling foam (when contacted with water). Alternately Tn l e S 9 C3t '° n ! be re P laced to P™We a lightly 
may be replaced to provide a 81*818^^™^^^^^'^' Substantia,lv a » the cross-linking cations 
di.u»e hydrochloric acid. Typfcally. the S^^VJS^aTS? T * ^ SOdium aCetate ^ 

In a different aspect of the invention, the Jrt^SS^-^i^** r3n9e 4 " ? ' 
.sopropanol. Upon drying, such immersed foams SS^SS SEE ■ ' S immerS6d a,COho, ■ 

Where the soluble polysaccharide is cMwnT.l™ u wettability in aqueous environments, 
base may be sodium hAiwSo^^ * ^en, with base. Typical., said 

mg. ionic cross-linking may be obtained by irea^ZTan^l^ cross-linked by ionic or covalent bond- 

more of sodium sulfate, octy. sulfate, lauryl suJaTe S^3SSSSSJS , ^- rt . P0, ^ -rt -Hon.: typlatfy on. or 
» ■«*'p>'Ph^ tnpolyphosphate. pyrophosphate and 

gained by treating the ohitosan foam ^ >Z m^dS^ 

- - -r or liquid state - ,f the ~ * 

u.at£^ 

foam stabilizer residual in the foam aSh ' n9 may be used to re ™ v * e.g. any foaming agent or 

" ^SMT^^ indents seletfed from particulate 

materials Where barium sulfate is used it will be amSS. mols,ure ,elain,n 9 OT ""Wirclng. filler 

rays: the foam ™, therefore be usefui as a rad^raTv ^ ™" SUbs,a " llal " ^ <° *" 

linked or coagulated; the foam may be a **Ub£^££Z fol ™ d,stributions - The *»" may be cross- 
of solubility in at least part of the foam. iJ^S^S^^Z * "FT** faam havi " 9 3 desired de 9 ree 

In another aspect of the invention. £ io^u^Zav ^ ' ? ya,Uronate ' ch *°*™ or starch foam, 
may be cast interalm in the form of buttons. be^SlTiy^^SS^ T 35 3 Sh3P6d artiC,e - Said foam 
may be cast in the shape of a part of a human or an ma *2J J the Z r S ° me embodimen t s - *e foam 

In a particular aspect of the invention th* f«o™ u 9 ' ape of an ear or nos ®- 

woven or non-woven LouJ ISS^^J^Tj!^^ ^ "I* Said ™V be a 

blage of polysaccharide fibers or yams Ina^u^aJ^T ^ the SUbStrate ^ comprise an assem- 
of polysaccharide foam in accordance with oZTit ^ ™ Y eon ^ anot her layer 

and/or pore size distribution from the first mention^ foam ^ fa " n may h3Ve 3 different "«n pore size 

ance JfiZZ"* £Tc^^^? * *"* 1 ™ ^vel, the foam in accord- 

foam .ayer may have an interior layer 5 ^S^^^^SZ^ 0 ' ° f " P t0 3bOUt 50 mm " 

nrficantty collapsed, being similar In app^r^nT^ ^l ^ 0 ^ ** ° f toam be -8- 

foam when freshly formed n»*™t» and having a pore size and pore size distribution about equal to the 

■sreafced. Moreover, the foam 5 preducefl ^Z^^Z^^^^'^'"^^^^ 
a srarh-serunvgram-alginate basis than oommerrTany ""'i 8 ' 63 ' 6 ' "P«% »» serum uptake on 

^s.o^zr^tz's'rar 8 p,esem - ^ s a^ «, 
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The present invention also includes a wound dressing comprising a polysaccharide foam produced by the method 
in accordance with the present invention. Typically the wound dressing may comprise a layer of said polysaccharide 
foam. In some embodiments the foam may be disposed on a substrate, the substrate may be a polysaccharide fabric 
or composed of polysaccharide yarn. 

The present invention also includes multi-ply converted and cross-linked foam layers. At least two sheets of algi- 
nate foam layers are layered together and laminated either mechanically or chemically to produce a composite struc- 



tUre The present invention also includes a cell culture replicating medium comprising a polysaccharide foam produced 
in accordance with the present invention; the cells to be replicated can be disposed in the pores in the foam to locate 

10 the cells. . • 

In some embodiments, the cell culture replicating medium may constitute an implant, typically a bio-absorbable 

implant. . 

Cultured cells, e.g. mammalizing cells, may be disposed in the pores of the implant which may then be implanted 
surgically in a human or animal body. The implant containing cultured cells may encourage tissue growth in and around 

is the implant in vivo . ■ 

The present invention also includes a barrier medium for preventing tissue adherence, said barrier medium com- 
prising a polysaccharide foam in. accordance with the invention. 

In another aspect of the present invention, the polysaccharide foam may constitute a carrier for a beneficial agent 
formulation. Said beneficial agent formulation may be accommodated within the cells of the foam. Typically the formu- 

20 lation may comprise a beneficial agent and a pharmaceutical^ acceptable excipient therefor. In some embodiments, 
the beneficial agent may be a drug which can be administered to a patent transdermal!* Typically, the beneficial agent 
formulation may be included in the aqueous solution of polysaccharide prior to foaming. Alternatively, however, the ben- 
eficial agent formulation may be incorporated in the foam after formation; in some embodiments the foam may be 
immersed in or sprayed with the formulation (which may itself be in solution); in other embodiments the formulation may 

25 be dispersed in a solid particulate form in the cellular structure of the foam, or produced by living cells (e.g. microbes) 
in the foam structure. 

in yet another aspect of the present invention, a foam in accordance with the present invention, when wet, may be 
stored under pressure; typically the wet foam may be stored in a pressurized dispenser such, for example, as a conven- 
tional pressurized spray can. In some embodiments, the wet foam may be incorporated with a propellant to assist in 
30 subsequent delivery of the foam from the dispenser; said propellant may be any suitable propellant known to a person 
skilled in the art e.g. a gaseous lower alkane (propane, butane, pentane and the like), nitrogen and carbon dioxide. It 
will be appreciated that storage under pressure constitutes a convenient method of storing a wet foam prior to use; 
when required, the foam may simply be dispensed directly to the environment of use. 

For example, a wet foamed wound dressing in accordance with the invention may be stored under pressure in a 
35 dispenser and dispensed directly onto a patient's skin to treat e.g. abraded skin, burns and open wounds. A wet foam 
carrying a beneficial agent in accordance with the present invention may be stored and dispensed in the same way to 
provide rapid therapeutic treatment of a wound or other injury when required. It will be appreciated by a person skilled 
in the art that a foamed wound dressing or beneficial agent formulation carrier which is stored in a pressurized dis- 
penser may be particularly suitable for the purposes of applying first aid to a patient in an emergency. 

Following is a description by way of example only and with reference to the accompanying drawings of methods of 
carrying the invention into effect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

as Figure 1 is a scanning electron microscope ("SEM M ) photograph showing a surface of a single layer foam produced 
in accordance with the present invention; 

Figure 2 is an SEM photograph of another surface of the single layer foam of Figure 1 ; 

Figure 3 is an SEM photograph of a cross section through the thickness of the single layer foam of Figures 1 and 2; 
Figure 4 is an SEM photograph of a surface of a two layer foam produced in accordance with the present invention; 
so Figure 5 is an SEM photograph of another surface of the two layer foam of Figure 4; 

Figure 6 is an SEM photograph of a cross section through the thickness of the two layer foam of Figures 4 and 5; 
Figure 7 is an SEM photograph showing the cross-section of a surface of a sodium alginate foam dried in ambient 
air; 

Figure 8 is an SEM photograph showing the top surface of the sodium alginate foam dried in ambient air; 
Figure 9 is a SEM photograph showing the bottom side of a sodium alginate foam dried in ambient air; 
Figure 10 is a SEM photograph showing the cross section of a sodium alginate foam convection dried in hot air; 
c igure 11 is a SEM photograph showing the top side of sodium alginate foam convection dried in hot air; 
're 12 is a SEM photograph showing the bottom side of sodium alginate foam convection dried in hot air; 
13 is a SEM photograph showing a cross section of a calcium/sodium alginate foam dried in ambient air; 



40 



5 



10 



75- 



20 



EP 0 747 420 A1 

Figure 14 is a SEM photograph showing a top side of a calcium/sodium alginate foam dried in ■ 

Figures ,9 and 20 are SEM pho^raphs of m. lop aide o. a caicium/sodium a,gina,e foam convedon dried in ho, 
£«. 2, and 22 are SEM photographs o, »e bo^ side o, a eaiciurnfcodi™ aigina* ,0am conveCon dried in 

Figures 26 and 27 are SEM £ fS^SiSL « 1^?""" a ""'" a,e foam in ■*>"•* <*<■ 



EXAMPLE 1 



A solution containing 3 wt% of sodium alginate having a viscosity of 1500 ran*;™; 
grams of this solution was added 0.1 grams of sodium dodec^sSt a Smin ^ Pr6p3red and to 100 
beaten.with a KitchenAid mixer to form a foam. The l£L™^££ I ! m t7 9 ^T' ^ reSU,t3nt SOlution was 
solution containing 5% by weight ca.cium <»o^^^^^^^ cross-linked with an aqueous 
thick and weighing 7 grams per square meter A scanning , JIlTn yi " 9 found t0 be 0 05 mm 

revea.ed an open pore" structure Sich^s found to^^S^iE^ " *e cross-linked foam 
25 pressure. permeaomty of 1 1 0 m/min measured at 1 2. 7 mm H 2 0 

A portion of the foam produced in the manner described above was converted hv m a ™„ 
of hydrogen chloride with a P H of 5 for 30 minutes. The (»ri«eS^k^!!S» * P 9 30 aqUe ° US SOlution 
did change the solubility characteristics. Contact of the nonT^eS 1^ ^^? " ^ ^ ^ 
did not affect the structure, whereas the contact of the convPrt^Xl ^TJT by We,Qht sod,um citrate solution 
» tion resulted in a gelation of the foar^a^ 1% We ' 9ht SOdium dtrate solu ' 

conversion process. suggested the solubility characteristics were modified by the 



EXAMPLE 2 



as desert ffSSS S^^^ "T * 3 ^ °< ^ 

chloride. The material was then drfeS i^^ ^ h 3 5% aqueous solution of «***" 

a coa«ng. The photomicrograph of? e f result sTl^ea, S""* t0 the 9auze " ad to 
which had a similar structure as the foam without the «i£Slt^T^^ faam C ° at * n9 ^ 93U2e Pad 

resulted in gelation of the alginJ°e coTt!nJ * ° f ma,erial with sodi ^ titrate once again 



EXAMPLE a 



in a KitchenAid mixer to produce ! a foam hTv^e Sm ST' ^ W3S then we " mixed 

a plastic tray, and 200 ml ofO.iN hvr.ro,*.™,. 7.™ T" _j™ ib . a,s P ersed there-through, the foam was drawn in 
the foam cross-linked. After dryingCfoi^ wasted KiSS? I? 3 r6SUlt * the addition of st ™9 «*t 

an air permeability of SnVmin £ pTessu^oT 1 2 7 mm H O ^SI'^? 1 mm ' 3 d6nsity 0i 0 22 ^ 3 ^ 
its thickness. - P mm H2 °- 17,6 foam was found to be coagulated uniformly through 



EXAMPLF d 



(33 M % in «a, er ) per ,00 grams o, aSe soStn L f t f?," 0 "' 2 3 9 ' ams 01 slearate 
* a »—* m*er ,o Lm a t-S'SSS^ ^rS^r^r 
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of the dried foam maintained a similar appearance to the wet foam and did not collapse; the foam material m the interior 
of the foam wasfound to have "collapsed" and had the appearance of crushed foam. The dried foam was .mmersed in 
a 5% wt calcium chloride solution and then allowed to air dry. Once again the dried foam maintained the appearance of 
the original drawn material. Inspection under an optical microscope revealed the foam was an open-cell structure iwrfh 
fairly uniform pore sizes. The foam had a final thickness of 2.8 mm. a density of 0.05 g/cm 3 , and a permeab.lrty of 90 
m/minat12.7mmH 2 0. 



EXAMPLE 5 



To a solution of similar composition to Example 1 was added 1 gram of anhydrous glycerol per gram of innate 
material The solution was foamed mechanically, drawn into a desired thickness and allowed to air dry. The dried foam 
was cross-linked using a 5% wt calcium chloride solution and air dried. The resultant foam had a final thickness of 0 j>5 
mm a density of 0.14 g/cm 3 and an air permeability of 100 m/min at 12.7 mm H 2 0 pressure. After 3 months under 
ambient conditions, the foam had a similar handling ability as a newly formed foam. 



FX AMPLE 6 



A single layer alginate foam was produced by a method similar to the method described in Example 4 above. Fig- 
ures 1 to 3 are Scanning Electron Microscope photographs of the resultant dried foam (1 0). It will be noted that an inte- 
rior region (12) of the foam is "collapsed" giving the appearance of "crushed" foam, while the surfaces (14.16) of the 
foam substantially maintain their pore size and pore size distributions. 
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zs Another alginate foam layer was made by a method similar to the method of Example 4 above; this foam layer was 
foamed mechanically in accordance with the invention to have a relatively large mean pore size and dried. A second 
foam layer controlled to have a relatively smaller mean pore size was then cast on one surface of the first mentioned 
layer and dried Figures 4 to 6 are Scanning Electron Microscope photographs of the resultant two-layer foam (20). It 
will be noted that an interior (22) of the foam is "collapsed", while the surfaces (24. 26) substantially maintain their con- 

30 trolledipore sizes and pore size distributions. 



EXAMPLE 8 



An aqueous solution containing 5 wt% sodium hyaluronate was prepared. To this solution was added 2.7 grams of 
35" sodium dodecyl sulphate and 5.3 grams of ammonium stearate (33 wt % in water) per 1 00 grams of solution ™e mix- 
ture was well beaten with a KitchenAid mixer to form a foam. The foam was spread onto a polyester sheet and air dnea. 
Inspection under an optical microscope revealed the foam was an open-cell structure with fairly uniform pore size. 



EXAMPLE 9 



A solution was prepared with 10 grams of 37.5 w/w Hcl and 490 grams water. Fifteen grams of chitosan were added 
and dissolved in the acid. To the solution were added 1 .5 grams of sodium dodecyl sulfate and 1 5 grams of ammonium 
stearate (33 wt % in water). The mixture was beaten in a KitchenAid mixer to form a foam which was subsequent^ 
drawn to 25 mils thickness and air dried. Inspection under an optical microscope revealed the foam was open-celled 
45 and fairly uniform in pore size. 



EXAMPLE 10 



An aqueous foam of sodium alginate was prepared by mixing the following ingredients in the following proportions 
so in a KitchenAid mixer: 1000 parts by weight deionized water, 30 parts by weight sodium alginate (Protanal LF10/60); 3 
parts by weight dodecyl sodium sulfate, and 15 parts by weight ammonium stearate (33 wt% in water). After these 
ingredients had been beaten in the mixer to form a foam, a sample was removed for purpose of measuring a wet foam 
density. The wet foam density was determined to be 0.1 1 grams per cubic centimeter based upon 27.5 grams of foam 
occupying a volume of 250 cubic centimeters. The wet foam was cast on a horizontal polyester film supported on a flat 
55 table top and using a coating blade. The blade depth was set at 0.64 centimeters and the blade width was 28 centime- 
ters. The length of the cast foam was approximately one meter. After the wet foam was cast on the polyester sheet, it 
was allowed to air dry at ambient room conditions. During drying, no effect was made to circulate air over the surface 
of the foam. After 48 hours of drying, the foam was examined and found to be dry. 

Another batch of wet alginate foam was prepared using the same composition and method cited above. This foam 
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was cast onto a wet laid polyester nonwoven manufactured by the Elk Corporation th* 

Mathis lab dryer/coater UF/LTSV, serial number 149292/92092^ ^e eauSrSnf ^',2 T USi " 9 3 

width of 28 centimeters. The blade depth was set at ThS J P £ . 2Sd 3 COat,ng b,ade has a 

d^~ 

Both*™ ^r^Xe KS^cSS ST - ■* ^ 3 ~ lciu ™ a ^ a <° a - 
immersion in a calcium ch.oride s^u^ ^ m a calcium foam. After 

utes to promote formation of a calcium/sodum Ste^m 3 5 ° ^ SOd,um ch,oride solution tor 1 5 min- 

P-es were washed in deionize?^ m th ' S T*}™ S °^° n ' the 

subsequently allowed to air dry. , . -mmersed in .sopropanol while wet for three minutes and 

Calf serum was used to measure serum uotake bv bnth (nam camn , m T 
cium/sodium alginate foam were also tested. Example ^SJ^^^^T * * ^ 

inch by six inch piece of foam to form an eight ply twotnchL two inch oLe tZ-T T b/ fo ' din9 3 six 
bath and introduced to the foam at aDoroximatelv V? Z h2L„? Um W3S he3ted t0 37e ° in a ««w 

by al.ov.ng one minute betw^ SSSEto iS^SXS , i P ^ Th8 "? - s con »°»«> 

Tweezers were then used to lift the foam and allow any dr iSZrZ^U^^ 1 * ^ ""^ minute - 
saturated with serum. The ambi ent air dried foam JSS^^^I^^ h T ^ t0 Wei9h ' n9 foam 
an average calf serum absorption rate of 12.0 grams «,SS^^rtl5^- 5 ^ ^ *™ °' C3,f Serum ' for 

and^on"^ 

inch foam pieces plied to two inch by two inch Sects and wSnn n ? ^ Prep3red from six inch *» six 
grams of caH serum, while the ^M^^'^^SSiS^i ^VeruT' * 6 3 

absorption rate of 20.8 grams of serum per gram of alginate Um ' f ° f 3 " 3vera9e ca,f serum 

For comparison purposes samples were prepared in which . 

cium/sodium alginate foam A^the^m was nSJESSJ • Ch, ° r, ' de S ° IUti ° n t0 COnvert » t0 a «*- 

grams of calf-semm. or 4.3 g" m S 'of s*Z T^TZ^ 0 ^ ^ ^ W foUnd t03bS0rb ™: 

fo L n n a d r s t~ n n 3 imm , ersed in a ca,cium ch,oride «**" 

promote conversion to a calctur^scdium alSe feam Tne f^m T Ch '° ride S ° ,Uti ° n ,0rfifteen minutes to 
was fou* to absorb 1 .5 grams of calf!*^ sample 

to A ^c^jR^££ ^ ^ immereed in 3 calci - Chloride solution 

cium/sodium alginate foam T? e ^ SOdlUm SO,Uti0n to convert » *> a 

minutes and slseque^'^ZTa^T^Z 2SJ ,03n ! was ' mmerse d in isopropanol while wet for three 
grams of serum peT gr^m of aigTrSe ^ W3S faund t0 3bSOrb 31 grams of calf-serum, or 1 0.4 

The data reported above is set forth in Table 1 : 



TABLE 1 



Alginate 
Foam 


Drying 
Method 


Isopropanol 
Immersion 


Calf-Serum/Absorption 
(gm.serum/gm.alginate) 


calcium 


heated air 


no 


4.3 


converted 


heated air 


no 


5.0 


calcium 


ambient air 


yes 


9.4 


converted 


ambient air 


yes 


12.0 


calcium 


heated air 


yes 


10.4 


converted 


heated air 


yes 


20.9 
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FXAMPLE11 



An aqueous foam of sodium alginate was prepared by mixing the following ingredients in the following proportions 
in a KitchenAid mixer: 1000 parts by weight deionized water, 30 parts by weight sodium alginate (Protanal LF10/60); 3 
Darts by weight dodecyl sodium sulfate, and 15 parts by weight ammonium stearate (33 wt % in water). After these 
' inqredients had been beat in the mixer to form a foam, a sample was removed for the purpose of measuring a wet foam 
density The wet foam density was determined to be 0.12 grams cubic centimeter based upon 30.0.grams of foam occu- 

o Dvinq a volume of 250 cubic centimeters. The wet foam was cast on a horizontal polyester film using a coating blade. 
The blade depth was set at 0.64 centimeters. The blade width was 28 centimeters. The length of the cast foam was 
aDDfoximately one meter. After the wet foam was cast on the polyester sheet, it was allowed to air dry at ambient room 
conditions During drying, no effort was made to circulate air over the surface of the foam. After 16 hours of drying, the 
foam was examined and found to be incompletely dry as evidenced by a tacky feel to the hand. The foam was allowed 

5 to dry for another 24 hours, resulting in a total drying time of 40 hours. After 40 hours of drying, the foam no longer had 

a tacky feel to the hand. , . . _ . . _ 

A second batch of wet alginate foam was prepared using the composition and method cited above. This foam was 
cast onto a wet laid polyester nonwoven manufactured by the Elk Corporation. This casting was made on the equipment 
described in Example 10. The equipment utilized a coating blade which has a wictth of 28 centimeters. The blade depth 
>o was set at a half a centimeter. The foam which was cast had a length of approximately 32 centimeters. After casting, 
the wet foam was inserted into the hot air convection dryer for a period of 25 minutes. The temperature of the hot air 
dryer was maintained to 80°C. After a 25 minute drying period, the foam was removed from the hot air convection dryer 
and allowed to cool to room temperature. 

As described above, two dry sodium alginate foam materials were produced via two different drying routes. One 
25 was prepared by drying at ambient conditions while the other was prepared by drying with a hot air convection oven. 
Both of these products were examined via scanning electron microscopy. The results are shown in Figures 7 through 
12 These Figures show that the ambient air dried foam has considerably larger pores and larger struts than the foam 
formed by hot air convection drying. In addition, the foam which was formed by hot air convection drying has a more 
uniform pore size as compared to the ambient air dried foam. Both foams exhibit an open cell structure. 
so Both of the above dry sodium alginate foams were further processed to produce a calcium/sodium alginate foam. 
Both dry sodium alginate foams were immersed in a five percent aqueous calcium chloride solution to form a calcium . 
alginate foam. After immersion in a calcium chloride solution, both foams were washed in deionized water. After wash- 
ing both sarnples were immersed in 0.9 wt% sodium chloride solution for 30 seconds to promote formation of a cal- 
cium7sodium alginate foam. . After immersion in this sodium chloride solution, the samples were washed in deionized 
as water After washing, the samples were immersed in isopropanol. The samples were then allowed to air dry. 

The calcium/sodium alginate foam samples formed by the above process were examined via scanning electron 
microscopy. The results are shown in Figures 13 through 18. The cell sizes of the foam subjected to hot air convective 
drying are on average smaller than the cell sizes of the ambient air dried foam. Physical measurements were also made 
on both foam samples. Bulk density of the dried alginate foam is determined by cutting a square or rectangular sample. 
40 weighing it, and obtaining a basis weight that is expressed as mass/area. The thickness of the foams are then meas- 
ured using a Randall & Stickney gauge with a weight of 10 oz. and measuring area of one square inch. By dividing 
mass/area by thickness, a density value is determined. 

The bulk density of the calcium/sodium alginate foam formed by ambient air drying was 0.13 g/cc. The bulk density 
of the calcium/sodium alginate foam formed via hot air convection drying was 0.10 g/cc. 
as In Example 10 above, it was shown that calcium/sodium alginate foams formed via hot air convection drying have 
higher calf serum absorption than foams formed via ambient air drying. Example 1 1 demonstrates that the bulk density 
of foams formed via hot air convection drying are lower than foams formed via ambient air drying. Cell sizes in the hot 
air convection dried foam are also smaller than the cell sizes of ambient air dried foam. 

so EXAMPLE 12 

An aqueous foam of sodium alginate was prepared by mixing the following ingredients in the following proportions 
in a four (4) liter KitchenAid mixer: 500 grams deionized water, 3 grams sodium lauryi sulfate, and 15 grams ammonium 
stearate (33 wt% ammonium stearate in water). The ingredients were mixed at "low" speed while 15 grams of sodium 
55 alginate (Protanal LF10/60) were added over several minutes. The ingredients were then mixed to foam the mixture for 
about 60 minutes on speed number five (5) so that it filled the entire container after 60 minutes. 
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EXAMPLE 13 

Convection Dried Sodium Alginate 



About one-sixth of the alginate foamed material prepared in Example 12 was placed on a supporting fabric (30 x 
40 x 0.3 cm) of Ryton, a needled polyphenylene sulfide non-woven with a basis mass of 0.057 g/cm 2 , using a J-blade 
(28 x 1.0 x 4.5 cm) with a gap of five (5) mm. The Ryton fabric is available from Albany International, Gosford, Australia 
Using a UF/LTJV Mathis Lab Dryer/Coater Unit with maximum air distribution impinging above and below the sample 
the foam was dried at 90°C for 20 min, then cooled for 10 min. In total, three (3) coating samples were prepared. Each 
foamed material was removed from the fabric using a spatula. A small amount adhered to the fabric. The material 
appeared to exhibit good integrity. 



EXAMPLE 13A 



An aqueous foam of sodium alginate was prepared using the method in Example 12 and convection dried at differ- 
ent temperatures using the method in Example 1 3. One sample of the foamed alginate was dried at 120 °C for ten (10) 
minutes, and another sample was dried at 130 °C for eight (8) minutes. These foams had the same appearance and 
quality as those alginates that were dried at 90 °C for 20 minutes or 80 °C for 25 minutes 



EXAMPLE 14 

Ambient D ried Sodium Alginate 



About one-sixth of the alginate foamed material prepared in Example 12 was placed on the supporting fabric set 
forth in Example 13 using the J-blade of Example 13. The foamed material was dried in a temperature/humidity control- 
led room at 20°C and 65% humidity for 45 hrs. In total, three (3) coating samples were prepared. Each foamed material 
was removed easily from the fabric using a spatula with negligible amount adhering to the fabric. The material did not 
appear to have good integrity, being quite friable. 



EXAMPLE 15 

Crosslinki ng Foamed Sodium Alginate to Calcium Alginate 

The convection dried and ambient dried samples prepared in Examples 1 3 and 1 4 were placed between two pieces 
of woven monofilament fabric and immersed in a bath of 20% by weight calcium chloride solution for 1 5 min The dimen- 
sions of the bath were 30 x 45 x 6 cm, holding 2.5 I of liquid. The material was nipped through a hand-cranked rubber- 
covered pad rolls and immersed again for an additional five (5) min in the calcium chloride solution. The material was 
then washed three (3) times in a bath of deionized water using gentle agitation, was removed from the bath The dimen- 
sions of the bath were 30 x 45 x 6 cm, holding 2.5 1 of liquid. The samples were then placed between two plastic frames 
(25 x 28 x 0.4 cm) and two monofilament fabrics and the samples were clamped securely between the monofilament 
fabrics. 

EXAMPLE 16 

Conversion of Calciu m Alginate to Calcium-Sodium Alginate 

Samples in the plastic frames of Example 15 were placed in a bath of five (5) percent by weight sodium chloride 
solution for 45 sec, were removed, and were placed in a bath of deionized water using gentle agitation The samples 
were then removed from the water (excess water allowed to drain) and placed in a bath of isopropanol for time sufficient 
to insure that the entire foam sample is exposed to isopropanol. The dimensions of the baths were 30 x 45 x 6 cm hold- 
ing 2.5 I of liquid. Applicants found 20 seconds of exposure time to be long enough. The samples were removed and 
air-dried for several hours until dry. 

EXAMPLE 17 

Foam Dry and Wet Strength Pro perties 

The cross-linked, converted, ambient dried foams and the cross-linked, converted, convection dried foams pre- 
pared in Examples 12-16 were tested for web strength using conditions described in U.S. Patent No. 5, 1 97,945, the dis- 
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closure oi which is incorporated herein by reference. Tensile strength was measured on five 1/2 inch wide die cut 
specimens. The gauge length was one inch and the crosshead speed was 10 inches per minute. Wet testing was done 
on specimens soaked in 0.9% aqueous saline solution for 10 min and then blotted to remove.the excess. The maximum 
load was recorded as the tensile strength. Basis weight was determined by weighing three die cut 1 and 1/2 inch by 2 
inch convective dried specimens and two similarly die cut ambient dried specimens. Table 2 summarizes the test data: 
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Strength testing reveals the conductive dried foam is significantly stronger when wet than the ambient dried foam. 
When compared to alginate nonwoven products described in U.S. Patent No. 5.197.945. the corrective dried foam is 
stronger dry and wet versus all nonwoven materials on a normalized basis weight. Even when compared on an absolute 
5 strength basis, the convective dried foam is stronger dry and wet versus a hydroentangied material that has 2.5 times 
the basis weight of the foam and a Sorbsan material that has 8.9 times the basis weight of the foam. 

EXAMPLE 18 



10 Preparation of Four Plv Calcium-Sodium Alginate Foam 

A. Four sheets of foamed sodium alginate (convection dried) were prepared as set forth in Examples 12 and 13. 
They were layered between two pieces of the Ryton nonwoven fabric and then placed in a platen press (Carver 
Laboratory Press. Model No. 2518, available from Fred S. Carver. Inc. Menomonee Falls. Wl) for 30 seconds at 

15 13,000 psi. These mechanically laminated sheets were then treated as set forth in Examples 15 and 16 for the 
crosslinking and conversion to calcium-sodium alginate. After drying, the sheets appeared to be laminated to each 
other. SEM photographs indicate that actual chemical crosslinking may not have occurred across each layer. The 
layers can be pulled apart but not without some strong effort. The surfaces in the pieces that were pulled apart 
appear to have similar characteristics to the original surfaces of the sample when whole. This would indicate that 

20 the layer interfaces have been only minimally affected through the combined mechanical and chemical treatment. 

B. The procedure is the same as in A above, except that high pressure was not used. The four sheets were placed 
together, crosslinked and converted. After drying, lamination had not occurred as the sheets were easily separated. 

EXAMPLE 19 

25 

Serum Uptake Properties 

The cross-linked, converted, ambient dried foams, the cross-linked, converted, convection dried foams, and the 
four-ply foams prepared in Examples 12-18 were tested for serum uptake properties using conditions described in U.S. 
so Patent No. 5,1 97.945, except that specimen size was 3.81 cm x 5.08 cm instead of the 2.54 cm x 2.54 cm used in the 
patent Preweighed samples were immersed in bovine calf serum for 10 minutes at room temperature and then 
weighted immediately upon removal from the serum. Reported values are the average of three samples. The convec- 
tion dried foam, ambient dried foam and both of the four ply foams were tested. Table 3 summarizes the test data: 
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Serum uptake reveals the conductive dried foam absorbs greater serum than the ambient dried foam. When com- 
pared to alginate nonwoven products described in U.S. Patent No. 5,197,945, the corrective dried foam absorbs more 
serum than any of the nonwovens on a normalized basis (grams serum/grams alginate). Even though serum uptake is 
lower on the pressure laminated sample versus unlaminated convective dried foam, the laminate still absorbs more 
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serum on a normalized basis than any of the nonwovens in US. Patent No. 5,197,945. 
EXAMPLE 20 
Foam Hand 

The calcium/sodium alginate foam samples formed by the above process were examined via scanning electron 
microscopy. The results are shown in Figures 19 through 28. The cell sizes of the foam subjected to hot air convective 
drying are on average smaller than the cell sizes of the ambient air dried foam. Physical measurements were also made 
on both foam samples. Bulk density of the dried alginate foam is determined by cutting a square or rectangular sample 
weighing it, and obtaining a basis weight that is expressed as mass/area. The thickness of the foams are then meas- 
ured using a Shirley thickness gauge with a weight of 3 oz. for a pressure of 0.125 psi. By dividing mass/area by thick- 
ness, a density value is determined. 

The bulk density of the calcium/sodium alginate foam formed by ambient air drying was 0.078 g/cc. The bulk den- 
sity of the calcium/sodium alginate foam formed via hot air convection drying was 0.038 g/cc. 

The combination of lower bulk density and smaller, uniform cells in the convective dried foam results in a soft tis- 
sue-like appearance and hand, whereas the ambient dried foam has more of a coarser look and a harsher hand. ' 

EXAMPLE 21 

Preparation of Laminated Multi-Ply Calcium-Sodium Alginate 

The following materials were placed into a four (4) liter Heavy Duty KitchenAid mixing bowl in this order: 

250 g deionized water 

7.5 g (3.0%) ammonium stearate 

1 .5 g (0.6%) sodium lauryl sulfate 

With gradual mixing at low speed, 7.5 g (3.0%) of sodium alginate were added to the above mixture over a five (5) 
minute period. The mixture was foamed for 30 minutes on speed #4. The foamed material filled the container to approx- 
imately half full. About one-third of the foam was spread on a supporting wet-laid, nonwoven, polyester fabric (31 x 38 
cm) using a J-blade with a gap of five (5) mm. Using a Mathis Lab Dryer/Coater Unit (Type UF/LTJV) the foam was 
dried at 90°C for 20 min, then cooled for 10 min.-Three dried foam samples were produced in this manner The individ- 
ual foam samples were placed in a bath of 20% calcium chloride solution for about 15 minutes. The foams were subse- 
quently placed in a deionized water bath to remove excess calcium chloride. The three crosslinked and washed foam 
layers were then laid on top of each other in contact with each other. The three sheet composite was sandwiched 
between two monofilament fabrics and clamped securely. The three (3) sheet composite of calcium alginate was placed 
in a bath of five percent (5%) by weight sodium chloride solution for about 80 seconds, removed, and placed in a bath 
of deionized water to remove excess sodium chloride. After washing, the composite was placed in a bath of isopropanol 
for about 30 seconds. The material was removed from the bath and air-dried for several hours, or until dry After drying 
the supporting fabrics were removed. The end result of the above procedure was the formation of one thick foam lami- 
nated from the three layers. 

Claims 

1 . A method of forming a polysaccharide foam from an aqueous solution of a polysaccharide, comprised of the steps 
of: 

a) forming an aqueous solution of a polysaccharide; 

b) introducing a gas into the aqueous solution to form a wet foam; 

c) drying the wet foam with heated air to form a dried polysaccharide foam. 

2. The method as set forth in claim 1 wherein the polysaccharide is selected from the group consisting of a soluble 
polysacchande salt, a soluble alginate, a soluble hyaluronate, alginic acid, hyaluronic acid, carrageenans chitosan 
starch, amylose, guar gum, carboxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose and amylo- 
pectin. ' J 

3. The method as set forth in claim 1 wherein the polysaccharide is chitosan foamed in an acidic solution. 
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4. The method as set forth in claim 1 wherein the polysaccharide is selected from the group consisting of starch, amy- 
lose and amylopectin foamed in a basic solution. 

5. The method as set forth in claim 1 wherein the aqueous solution of polysaccharide containsat least one agent 
5 selected from the group consisting of plasticizers, foam stabilizers, foam modifiers, and foaming agents. 

6. The method as set forth in claim 1 wherein polyethylene glycol functionalized with vinyl groups is introduced as a 
foam modifier and the foam is irradiated to effect polymerization of the functionalized polyethylene glycol forming a 
polymer network in the foam. 

10 ■ , 

7. The method as set forth in claim 1 wherein the dried polysaccharide foam is cross-linked to form a water insoluble 

foam. 

8. The method as set forth in claim 7 wherein the cross-linked foam is converted by treating the foam with an aqueous 
is solution containing solubilizing mono-valent cations so that at least a portion of the cross-linking di- or tri-valent cat- 
ions in the foam are replaced by the mono-valent cations thereby imparting a degree of solubility in the foam. 

9. The method as set forth in claim 8 wherein the converted and cross-linked foam is immersed in a solution contain- 
ing an alcohol. 

20 ' ' 

10. The method as set forth in claim 7 wherein the polysaccharide is chitosan, and the chitosan foam is cross-linked 
by ionic bonding by treatment with an aqueous solution of polyvalent anions selected from the group consisting of 
the sodium salts of sulfate, octyl sulfate, lauryl sulfate, hexadecyisulfate, tripolyphosphate, pyrophosphate, 
octapolyphosphate and mixtures thereof. 

25 ' 

11. The method as set forth in claim 7 wherein the polysaccharide is chitosan, and the chitosan foam is cross-linked 
by covalent bonding by treatment with a dialdehyde selected from the group consisting of glyoxal, glutaraldehyde 

v and dialdehyde starch. 

30 12. The method as set forth in claim 1 wherein the polysaccharide is starch, and the starch foam is chemically treated 
with aqueous ammonium sulfate. 

13. The method as set forth in claim 7 wherein the polysaccharide is starch, and the starch foam is cross-linked by 
treatment with formaldehyde in an alcohol solvent. 

35 ■ 

14. The method as set forth in claim 7 wherein the cross-linked foam is washed and then redried. 

1 5. The method as set forth in claim 8 wherein the converted and cross-linked foam is washed and then redried. 
40 1 6. A method of producing a multi-ply, laminated polysaccharide foam comprised of the steps of: 

a) layering at least two layers of dried, polysaccharide foam; 

b) applying pressure to at the least two layers to laminate the sheets into a composite structure. 

45 1 7. The method of claim 1 6 wherein the polysaccharide is selected from the group consisting of a soluble polysaccha- 
ride salt, a soluble alginate, a soluble hyaluronate, alginic acid, hyaluronic acid, carrageenans, chitosan, starch, 
amylose, guar gum, carboxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, and amylopectin. 

18. The method of claim 17 further comprised of the step of cross-linking the composite structure. 

50 

19. The method of 18 further comprised of the step of converting the cross-linked composite structure to impart a 
degree of solubility thereto. 

20. A multi-ply, laminated polysaccharide foam produced in accordance with the method of claim 16. 

55 

21. A method of producing a multi-ply, laminated polysaccharide foam comprised of the steps of : 

a) layering at least two layers of calcium alginate foam; 

b) treating the layered calcium alginate foam with a solution of sodium chloride to convert it to a calcium- 
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sodium alginate foam; and 

c) washing and drying the converted foam to form a muttilayered laminate. 

22. A method of producing an alginate foam from an aqueous solution of an alginate, said foam exhibiting a lower bulk 
density relative to ambient air-dried foams while exhibiting a greater capacity to absorb calf serum relative to ambi- 
ent air dried foams, comprised of the steps of: 

a) forming an aqueous solution of an alginate; 

b) introducing a gas into the aqueous solution to form a wet foam; 

c) drying the wet foam with heated air to form a dried alginate foam; 

d) cross-linking or coagulating the foam to form a water insoluble foam with cross-linking di- or tri-valent cati- 
ons; * 

e) converting the water insoluble foam by treating the foam with an aqueous solution containing solubilizing 
mono-valent cations so that at least a portion of the cross-linking di- or tri-valent cations in the foam are 
replaced by the mono-valent cations thereby imparting a degree of solubility in the foam; 

f) immersing the converted and cross-linked foam in an alcohol and redrying the foam. 

23. A polysaccharide foam obtainable by a method according to any of claims 1 to 15. 



